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Introduction: Necessity of Moving Mesh/Overset Capabilities for Accurate Cratering 
Simulations

 

 
Figure 1. (left) LEM camera views from Apollo 15 landing 

showing progression of plume-regolith interaction resulting in 

high-speed particle sheets obscuration. [1] (right) Regolith 

dust cloud formation during Morpheus lander plume 

impinging on Mars simulant[2] . 

 

 
Figure 2. MSL Skycrane plume induced surface cratering[3] . 

 

Å Plume-Surface Interaction (PSI) between 
vehicle descent and plume impingement  is 
a tightly coupled process  

Å Trajectory variation/pitch/attitude control 
can greatly modify rate and orientation of 
crater formation and evolution

Å Surface erosion and debris trajectory pose 
significant risks to manned and unmanned 
vehicles and in-situ assets (surface material 
can reach 10 km/s speeds!)
Å Non-orthogonal landings increase risks

Å PSI validation data currently limited to 
stationary (but varying heights) [1] 

Å Validation data at impact speeds <= 5 m/s is 
limited (Apollo 14 landed at ~4.3 m/s)

[1]
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Overview of Presentation

ÅGoverning Equations
ÅOverset Methodology
ÅMoving Mesh Methodology
ÅVerification Cases
ÅTheodorsenPlunging Airfoil (gas-only)
ÅHouimShocktube

ÅSeguin Sphere Drop Validation Study
ÅComparisons of 3 Granular Pressure Models
ÅComparisons of Full-Slip to No-Slip Wall Boundary 

Conditions
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Governing Equations: Overview

-Real Gas Species
-Mixed gas-granular continuity
-Gas Momentum
-Gas Energy

-Particle Species (shape, size)
-Particle Mixture Continuity
-Particle Mixture Momentum
-Particle Mixture Energy
-Particle Granular Temperature

Unstructured Finite Volume:
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Overset Methodology

Å Grids are merged and tagged in pre-processing 
step, with overset geometric region specified at 
input 

Å Geometric specification and nearest neighbor/KD-
tree search defines cells for hole-cutting and 
interpolation/information exchange between 
meshes

Å Cell blanking metrics for hole-cutting/interpolation:
Å 0: Standard cell used for interpolation purposes
Å 1: Standard cell not used for interpolation purposes
Å 2: Cell that receives information from interpolation 

donor cells
Å 3: Frozen cell that is not overlapping any other cell, or 

cell outside of physical domain

Å 0 or 1 cells are solved normally
Å 2 or 3 cells are interpolated from 0 cells and have 

solution data overridden

Å At least 2 fringe (overlapping) cells required to 
avoid hole-cutting issues

Å Boundary condition at interface is a Dirichlet 
boundary with values interpolated using second-
order van Aldaba-limited upwinding
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Å Four types of motion supported: prescribed, six-degrees of freedom (6DOF), 
rotation, and stationary

Å Geometric conservation law (GCL) [1] accounts for effect of moving mesh velocity 
(Ὗ)

Å GCL condition is removed as a source ╗╡for the gas- and granular-phase states ╠▌ȟ▼

Å GCL condition is also removed from source Jacobians

Å For 6DOF, forces and torques on the surface of moving body are computed from 
contributions of gas- and granular-phase

MovingMesh Methodology
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Verification Cases: TheodorsenAirfoil

Original Mesh

Overset Mesh

Å Initial verification case of canonical gas-only TheodorsenPlunging Airfoil
Å Comparison between theoretical, moving mesh, and overset-moving mesh
Å Results for both moving mesh and overset-moving mesh compare favorably to theoretical 

values of lift coefficient
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Verification Cases: HouimShock Tube

Parameters for HouimShock Tube Case [1]

[1]

Mesh with 
Overset Grid

Å Houimshock tube case is utilized to 
verify gas-granular overset 
methodology

Å Background mesh 6x600 nodes over 
[(0,0),(0.6,0.08)] m 

Å Overset mesh is moved diagonally 
over the background mesh from 
(0.25,0.04) to (0.35,0.06) linearly from 
an initial position of [0.3,0.5] 

Å Simulation is performed for 1840 
iterations at dt = 1e-7 s
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Verification Cases: HouimShock Tube

Results compare 
favorably to the 
stationary mesh/non-
overset case.


